Aims Liana research has increased in the past two decades, yet there is still inadequate comparison of liana communities at a cross-continental scale. We compared liana assemblages in tropical forest ecosystems of Ghana and Malaysia, thereby determining patterns and mechanisms that are common or unique to the regions.
of food, lianas help maintain both the diversity of animals and also contribute to maintenance of tree diversity . Nonetheless, lianas also have detrimental effects on trees by competing with them for resources (Schnitzer et al. 2005) , and hampering their natural regeneration especially in infested liana forests (Schnitzer et al. 2000) .
Both Ghana and Malaysia are located in the tropics, yet the two regions differ in some aspects of climate. Tropical forests in Southeast Asia generally receive more rainfall annually than tropical forests in Africa (Addo-Fordjour and Rahmad 2015a; Bloom and Sachs 1999; Malhi and Wright 2004) . Furthermore, Southeast Asian tropical forests experience rainfall that is distributed over a longer period through the year than rainforest regions of West Africa. Consequently, humidity of Asian tropical forests is relatively higher and persists over a longer period than in African tropical forests (see Lewis et al. 2013; Malhi and Wright 2004) . Floristic variation between Asian and African rainforests has been attributed, in part, to divergent evolutionary paths stimulated by the disappearance of a climatic zone of warm, moist conditions that formerly linked the two regions (Adams 1994) . The observed floristic differences between Asian and African rainforests is mainly based on trees, with little known about other life forms including climbers and epiphytes. Given the climatic and evolutionary differences of the two regions, research that generates and uses floristic data from the two tropical areas can enhance our understanding of biogeographic patterns in liana ecology.
Besides climatic and evolutionary influence, liana species functional traits, particularly those related to climbing mechanism and dispersal mode, can affect liana assemblages in different biogeographic regions. Even though lianas have a similar growth form, different taxa often differ in climbing mechanism (Addo-Fordjour et al. 2008; Rahmad 2015a, 2015c; Bongers et al. 2005; Jongkind 2005 ) and dispersal mode (Addo-Fordjour and Rahmad 2015c; Vivek and Parthasarathy 2015) . Because some liana climbing mechanisms are limited to specific tree sizes, liana communities that exhibit diverse mechanisms of climbing are able to ascend different host sizes (Nabe-Nielsen 2001), enabling them to inhabit a wide range of forest habitats. Moreover, previous studies reveal that seed dispersal affects patterns of plant communities (Flinn et al. 2010; RobledoArnuncio et al. 2014) . Thus, the sort of climbing mechanisms and dispersal modes possessed by liana communities can be important biotic factors that determine their success. Though liana communities in different biogeographic regions may differ in the assemblages of their climbing mechanisms and dispersal modes, information on intercontinental comparison of liana climbing mechanisms and dispersal modes is limited. Such information could be useful in determining whether differences in liana community characteristics among continents or biogeographic regions are related to climbing mechanisms and dispersal modes of lianas.
Although liana research has gathered momentum in the past two decades, there is little information about intercontinental patterns of liana community assemblages. As with other plant growth forms, liana diversity and abundance can be influenced by different processes in different regions, causing continental or biogeographic variation in community structure (DeWalt et al. 2015) . Methodological differences among individual studies create some problems for drawing conclusions about intercontinental patterns of liana ecology. Thus, single studies that cover more than one continent or biogeographic area are needed to assess intercontinental patterns of liana ecology. Comparative research provides insight into the relative importance of processes influencing liana community assemblages in different continents, and suggests patterns and mechanisms that are common or unique to the regions. For example, Schnitzer and Bongers (2011) suggested that differences in climate, phylogenetic composition, relative abundance and natural and anthropogenic disturbance among continents may cause variation in liana abundance, distribution and change over time. Intercontinental studies of liana ecology may be useful in identifying those factors influencing liana community assemblages, particularly if the areas addressed occur in different climatic and edaphic conditions.
Our research determined the intercontinental and biogeographic patterns in liana community assemblages between tropical forests from Ghana and Malaysia. We asked: (1) Does liana diversity and community structure differ between forests of Ghana and Malaysia? (2) Does liana taxonomic composition differ between forests of Ghana and Malaysia? (3) Does liana above-ground biomass differ between forests of Ghana and Malaysia? (4) Do the patterns of liana climbing mechanism and dispersal mode differ between forests of Ghana and Malaysia?
METHODOLOGY

Study areas
The study was conducted in tropical forests in Ghana and Malaysia between August 2011 and September 2012.
In Ghana, we collected data from Kakum National Park (36 000 ha) and Atewa Range Forest Reserve (23 663 ha) (Fig. 1) . Kakum National Park comprises three primary tropical forest ecosystem types: rainforest, moist evergreen forest and seasonally dry semi-deciduous forest. Portions of the park have been disturbed by human activities such as farming and logging, now representing secondary forest. The park also includes undisturbed primary forest. Atewa Range Forest Reserve is a unique forest reserve in Ghana because it includes distinctive upland forest vegetation and serves as an important reservoir of biodiversity (McCullough et al. 2007; Naskrecki and Alonso 2007) . The forest reserve includes logged forests, variously altered by selective and heavy logging. The topography of Atewa Range Forest Reserve is a series of dissected forest plateaus (McCullough et al. 2007 ), undulating at altitudes between 300 and 800 m asl. Annually, two seasons, rainy and dry, occur in Kakum National Park and Atewa Range Forest Reserve. The rainy season occurs from March to July and again from September to November. The dry season occurs between December and early March. The mean annual rainfall in the Kakum National Park is about 1300 mm, and in Atewa Range Forest Reserve the mean annual rainfall can reach 2000 mm. Mean monthly temperature in Atewa Range Forest Reserve ranges between 24 and 29°C and that in Kakum National Park ranges from 26 to 33°C.
In Malaysia, lianas were sampled from Penang National Park and Penang Hill Forest Reserve (Fig. 2) . Penang National Park has a total area of 1213 ha and includes both primary and secondary forests. Various human activities such as clear cutting, farming, hunting, bush burning and logging are responsible for the presence of secondary forest in the national park. The mean annual rainfall is about 2670 mm and humidity is 70-90%. Penang Hill Forest Reserve occupies 7252 ha and is dominated by selectively logged forests, although it does include primary forest (WWF Malaysia 2011). The reserve experiences a seasonal climate including rainy (April-November), and dry (December-March) seasons. During the rainy season, rainfall occurs on most days and the mean annual rainfall is 2670 mm. Forest humidity in the reserve ranges between 70 and 90%.
Disturbance histories of the forests
The history of forest disturbance intensities is rarely available for many secondary forests in the tropics (Kapos and Iremonger 1998) . The forest plots studied here also have no recorded history of their logging. However, using the abundance proportion of pioneer tree species to all tree species, it is possible to estimate forest disturbance intensity Gourlet-Fleury et al. 2013; Hawthorne and Jongkind 2006) , which then reflects disturbance history . Disturbance intensity estimation via this approach incorporates the effects of all types of disturbance in the recent history of the plots .
Kakum and Penang National Parks have similar histories of disturbance (Addo-Fordjour and Rahmad 2015b; AddoFordjour et al. 2012) . In both forests, logging was a major feature causing deforestation. Logging began in the 1920s and 1930s in Penang and Kakum National Parks, respectively. Other human activities, such as subsistence farming and clay mining also occurred in Kakum National Park. Hunting, gathering, and farming also played a role in deforestation in Penang National Park. All forms of human activities were officially banned in Kakum National Park in 1989, and it was designated as a national park in 2002. In Penang National Park, logging officially came to an end in 1996, but other human activities did not stop until 2003 when it was designated as a national park. Although the two national parks have similar disturbance histories, Penang National Park still shows evidence of past land use such as clear cutting, farming, logging and bush burning. For example, historic logging routes are visible in secondary forest, evidence of the intensity of past use. Consequently, Penang National Park had higher disturbance intensity (0.26) than Kakum National Park (0.20). Even though disturbance intensity in Penang National Park was higher, liana harvesting by fringe communities near the national park in the past has contributed considerably to a reduction in liana diversity and community structure in the national park (Addo-Fordjour et al. 2012) . In Atewa Range and Penang Hill Forest Reserves, data were collected from areas previously disturbed only by selective logging. Disturbance intensity in Atewa Range Forest Reserve (0.04) was twice that of Penang Hill Forest Reserve (0.02). Consequently, the present structural characteristics of Penang Hill Forest Reserve resemble that of a typical primary forest more so than in Atewa Range Forest Reserve. As one measure of this difference, the average canopy cover is 72% in Atewa Range Forest Reserve, compared with 84% in Penang Hill Forest Reserve.
Liana sampling
In each country, lianas were sampled from 60 plots of 40 × 40 m 2 randomly established in comparable forest types in the two biogeographic areas. The sampling plots were distributed among the forest types as follows: 15 plots in primary forest, 15 plots in disturbed secondary forest and 30 plots in selectively logged forest. In this study, selectively logged forest and disturbed secondary forest (hereafter referred to as secondary forest) were considered as distinct forest types because they differed with respect to disturbance history and structural characteristics. Whereas selectively logged forests resembled primary forest in structural characteristics, secondary forests showed many signs of human disturbance. In each of these forest types, lianas were sampled from independent sampling sites representative of the microhabitats of each forest type. Lianas of diameter ≥ 2 cm (at 1.3 m from rooting base) were identified and enumerated in the plots. Mechanisms of climbing and dispersal of the liana individuals were determined in the field and where necessary, with recourse to manuals and floras (Arbonnier 2004; Hawthorne and Jongkind 2006; Jongkind 2005) . With the assistance of plant taxonomists liana species were identified using manuals and floras (in Ghana: Arbonnier 2004; Hawthorne and Jongkind 2006; Poorter et al. 2004, and in Malaysia: Dransfield 1979; Hooker 1875; Keng and Keng 1990; Zhengyi et al. 2010) . Liana nomenclature in Ghana followed Jongkind (2005) and Hawthorne and Jongkind (2006) and in Malaysia followed Dransfield (1979) and King (1902) .
Data analyses
The two biogeographic areas differed considerably in liana abundance, so to determine comparable values for species richness comparison, we employed rarefaction-extrapolation analysis to estimate liana species richness in the two biogeographic areas using the software iNEXT (online version) (Chao et al. 2014; Colwell et al. 2012; Hsieh et al. 2013) . The analysis uses a standardized number of stems and allows an estimate of the effectiveness of liana sampling for each country. The rarefaction-extrapolation analysis used individual-based (abundance) liana data. Significant difference in rarefaction-extrapolation species richness between the two biogeographic areas was determined by means of confidence intervals, constructed using 50 bootstrap replicates. When the confidence intervals of the curves were non-overlapping species richness estimates were considered significantly different. However, statistical significance of difference in species richness estimates could not be assessed if confidence intervals overlapped. Observed liana species richness was compared between Ghanaian and Malaysian forests with pairwise permutation tests using PAST software (version 2.17c) (Hammer et al. 2001) . PAST software was also used to quantify three diversity indices: Shannon diversity index, Margalef and Fisher's alpha for each biogeographic area. Significant differences in diversity indices between the two biogeographic areas were tested by pairwise permutation tests using PAST software. Differences in liana species, genus and family composition between the two geographic areas were determined using Sorensen's similarity index.
Above-ground biomass of lianas was quantified using the allometric equation of Schnitzer et al. (2006) :
Total above ground biomass exp 1484 2 657 ln Diameter
Two-way ANOVA was performed using general linear model (GLM) procedure to determine the effects of biogeographic region, forest type and their interaction on liana abundance, basal area and above-ground biomass. The inclusion of forest type as a factor enabled us to determine variations in liana community characteristics among the forest types irrespective of biogeographic region whereas the interaction effect made it possible to compare liana community characteristics between the biogeographic regions under each forest type. One-way ANOVA was also conducted to test for significant differences in liana abundance among different dispersal modes within each biogeographic area. For both types of ANOVA, pair-wise comparisons were made using Tukey pair-wise HSD test. All data sets were log 10 transformed to fulfill normality and homogeneity of variance assumptions of ANOVA. ANOVA was performed using Minitab 15 software (version 15) at a significance level of 5%.
RESULTS AND DIScUSSION
Liana diversity, abundance, basal area and composition in Ghanaian and Malaysian forests
Analysis of the pooled data revealed that significantly more liana species occurred in Ghanaian forests than Malaysian forests (Pairwise permutation tests: P = 0.001; Table 1 ; Supplementary Appendices 1 and 2). Similarly, rarefied-extrapolated liana species richness for combined forests was significantly higher in Ghanaian forests than Malaysian forests (P < 0.05; Table 1 ; Fig. 3a ). Forest types in Ghana had significantly higher observed (Pairwise permutation tests: P = 0.001) and rarefied-extrapolated liana species richness than those in Malaysia (Table 2 ; Fig. 3b-d) . The rarefaction-extrapolation curves of combined forests in the two countries approached asymptote, indicating that lianas were well sampled in both countries. However, in both countries Mean values (±SE) with different superscripts are significantly different (P < 0.05) as determined in t-test analysis, unless otherwise stated in footnote. *Significant differences determined by pairwise permutation tests in PAST. **Significant difference determined by confidence interval (see Fig. 3 ). some of the rarefaction-extrapolation curves of the individual forest types did not reach asymptote. All diversity indices for the combined forests were significantly higher in Ghanaian forests compared to Malaysian forests (Pairwise permutation tests: P < 0.05; Table 1 ). Likewise, all diversity indices in primary and secondary forests in Ghana were significantly higher than primary and secondary forests in Malaysia (Pairwise permutation tests: P < 0.05; Table 2 ). With regard to selectively logged forest, Shannon diversity index was significantly higher in Ghana than Malaysia (Pairwise permutation tests: P = 0.003), whereas there was no significant difference in the other diversity indices among the two continents (Pairwise permutation tests: P > 0.05). Forests plots in Ghana harbored more liana genera and families compared to the plots in Malaysia. Generally, there was a significant effect of biogeographic region on liana abundance (combined forests) (GLM: df = 1, F = 161.85, P = 0.000) even though forest type did not significantly affect liana abundance of the continents (GLM: df = 2, F = 1.79, P = 0.171). The interaction between biogeographic region and forest type was significant (GLM: df = 2; F = 10.60, P = 0.000). For combined forests, lianas were significantly more abundant in Ghanaian forests than Malaysian forests (Table 1) . In all forest types, lianas were more abundant in Ghana than Malaysia (GLM: P < 0.05; Table 2 ). Analysis of combined forests also indicated that liana basal area differed significantly between the two biogeographic regions (GLM: df = 1, F = 8.35, P = 0.005) but not with regard to forest type (GLM: df = 2, F = 1.52, P = 0.223). The interaction of biogeographic region and forest type was significant (GLM: df = 2; F = 7.00, P = 0.001). Specifically, liana basal area was significantly higher in Ghanaian forests than Malaysian forests (Table 1) . Primary forests in Ghana and Malaysia harbored comparable liana basal area (GLM: P = 0.851) whereas secondary and selectively logged forests in Ghana had significantly higher liana basal area than the corresponding forests in Malaysia (GLM: secondary forest; P = 0.001, selectively logged forest; P = 0.005). These trends demonstrate considerably greater richness and abundance of lianas in Ghanaian forests than Malaysian forests, and is consistent with the results of DeWalt et al. (2015) in which liana species diversity (Fisher's alpha) and abundance were several times higher in Africa than in Southeast Asia. Recent publications suggest that pantropical liana species richness, abundance, and basal area are considerably higher in drier tropical forests (DeWalt et al. 2010; Swaine and Grace 2007) . The forests studied in Ghana receive less rainfall than those in Malaysia. Thus, the higher liana species richness, abundance, and basal area observed in Ghanaian forests may be partly attributed to the drier forest ecosystems. Differences in the type and intensity of disturbance between the two countries could also influence the patterns observed. For instance, in the past, liana harvesting was a prominent feature of human disturbance in secondary forest in Malaysia. This practice is reported to adversely affect liana assemblages in tropical forests (Chittibabu and Parthasarathy 2001; Rahman et al. 2010) . At all taxonomic levels, liana composition in Ghanaian forests was different from that in Malaysian forests. In general, liana composition similarity (Sørensen index, S) between the two countries increased with increasing taxonomic level (species: S = 0%, genus: S = 33.9%, family: S = 65.4). Although the two countries did not share any species in common, they shared 21.5% of their genera and 48.6% of their families (Table 1, Supplementary Appendices 1 and 2). Liana species composition variability between the two countries may be due to differences in historical or evolutionary processes, as well as climatic differences of the two biogeographic regions (Malhi and Wright 2004; Ricklefs and Schluter 1993; Zelazowski et al. 2011) . Mean values (±SE) with different superscripts are significantly different (P < 0.05) as determined in t-test analysis, unless otherwise stated in footnote. *Significant differences determined by pairwise permutation tests in PAST. **Significant differences determined by confidence interval (see Fig. 3a, c, d ). †Statistical significance of difference in species richness (rarefiedextrapolation) could not be determined due to overlap of confidence interval (see Fig. 3b ).
Whereas rattan species (Calamus spp., Daemonorops sp.) were recorded in all forests in Malaysia, no rattan species, and no members of the palm family, Arecaceae, were observed in any of the forests sampled in Ghana (Supplementary Appendices 1 and 2). Higher rainfall and humidity in the Malaysian forests may account for this pattern because rattans generally show consistent presence and abundance in forests with high humidity and rainfall (Boonsermsuk et al. 2007) . Although previous research works have enumerated rattan species in Ghanaian forests, they comprised only a few species and individuals (Addo-Fordjour et al. 2008; Swaine et al. 2005) . In fact, Swaine et al. (2005) reported that there are only a few rattans in the flora of Ghana. Thus, rattans are common in Malaysian forests but rare in Ghanaian forests. A previous comparison by Appanah et al. (1993) also demonstrated that rattans were also prominent in Southeast Asia but relatively scarce within liana communities in Africa.
Composition of the most abundant and species-rich genera varied greatly between the two countries. Only Salacia and Strychnos occurred among the 10 most species-rich genera in the two biogeographic regions, despite the two areas sharing 20 genera (Table 3) . Furthermore, the 10 most abundant liana genera in Ghanaian forests were considerably different from the 10 most abundant liana genera in Malaysian forests (Table 4) . Dalbergia was the only genera which occurred among the 10 most abundant liana genera in both biogeographic regions. Apocynaceae, Fabaceae and Loganiaceae were among the five most species-rich liana families in both regions (Tables 5 and 6 ). Apocynaceae and Fabaceae also occurred among the five most abundant liana families in Ghanaian and Malaysian forests. Thus, overall, Apocynaceae and Fabaceae showed great consistency in dominance (both species richness and abundance) within the two countries. The dominance of Apocynaceae and Fabaceae is widespread in the tropics as they have been reported as dominant families in many tropical forests Rahmad, 2015a, 2015c; Addo-Fordjour et al. 2009a , 2009b Burnham 2002; Cai et al. 2009; DeWalt et al. 2006; Hu and Li 2015; Jongkind and Hawthorne 2005; Muoghalu and Okeesan 2005; Natta and Sinsin, 2005; Romero-Saltos 2011; Schnitzer et al. 2012) . The dominance of Annonaceae among liana communities in Malaysian forests was cited previously for Asia (AddoFordjour and Rahmad 2015a; Appanah et al. 1993; Gentry 1991; Kammesheidt et al. 2009; see Nurfazliza et al. 2012) . The contribution of the five most species-rich families to liana species richness in Malaysian forests (≈ 55%) was comparable to that in Ghanaian forests (≈ 57%) (Table 5) . Nevertheless, the five most abundant liana families in Ghanaian forests contributed a higher proportion of liana individuals (≈ 79%) to total liana abundance in the region, compared to the contribution of the five most abundant liana families in Malaysian forests 
Strychnos 11
Tetracera 11
Gnetum 10
Artabotrys 8
Coptosapelta 8
Agelaea 5 Bauhinia 4
Dalbergia 3
Mitrella 3 (≈ 63%) ( Table 6 ). The differences in liana composition at all taxonomic levels between Ghanaian and Malaysian forests accords with the inter-continental variations in liana floristic composition suggested by Appanah et al. (1993) . Liana abundance generally decreased with increasing diameter in both biogeographic areas (Fig. 4) , showing an inverted J-shaped curve. This pattern is consistent not only with patterns previously reported from Ghana and Malaysia, but also other parts of Africa and Asia (Addo-Fordjour et al. 2009a; AddoFordjour et al. 2013a; Muthuramkumar and Parthasarathy 2001; Parren 2003) . Although, liana diameter distribution was similar in the two countries, the relative contribution of the various diameter classes to overall liana abundance differed. Small diameter lianas contributed 73% of liana individuals to the overall liana abundance in Ghanaian forests compared to 56% for Malaysian forests. Nevertheless, contributions of medium, large and very large diameter classes to the overall liana abundance were highest in Malaysia (30.7, 8.9 and 4.6%, respectively) compared to Ghana (21.8, 3.8, and 1.5%, respectively).
Above-ground biomass of lianas in Ghanaian and Malaysian forests
Although liana above-ground biomass did not differ significantly among the biogeographic regions and forest types (GLM: df = 1, F = 1.58, P = 0.211 and df = 2, F = 1.96, P = 0.145, respectively), the interaction of the two factors had significant effect on above-ground biomass of lianas (GLM: df = 2; F = 6.71, P = 0.002). Thus, liana above-ground biomass in secondary and selectively logged forests in Ghana was significantly higher than that in the corresponding forest types in Malaysia (GLM: P = 0.021 and 0.032, respectively), though primary forest in Malaysia supported significantly higher above-ground biomass than the one in Ghana (GLM: P = 0.035). There were many extraordinarily large lianas in Malaysian forests, contributing strongly to liana above-ground biomass. In fact, very large lianas in Malaysia had diameters up to 25 cm, whereas the maximum diameter of lianas in Ghana was 18.5 cm. The largest diameter size class of lianas (>11 cm) had higher amount of above-ground biomass in Malaysia than Ghana (Fig. 5) , and the proportion of above-ground biomass contribution for this size class in Malaysian forests (37%) was twice that contributed by lianas of the same size class in Ghanaian forests (18%). Therefore, although lianas were more abundant in Ghana, very large diameter lianas in Malaysia contributed to high above-ground biomass of lianas, offsetting abundance effect on above-ground biomass difference. Generally, medium diameter (5-8 cm) lianas contributed most to liana above-ground biomass in Ghanaian forests (39%) while very large lianas (>11 cm) contributed most to above-ground biomass of lianas in Malaysian forests (37.3%). Above-ground biomass of small diameter lianas (2-5 cm) in Ghanaian forests was almost three times that of small diameter lianas in Malaysian forests. These patterns demonstrate that the two biogeographic areas differ in the relative importance of different liana diameter classes to above-ground biomass accumulation. Previous research demonstrated that plant aboveground biomass is correlated with climate and soil properties (Lewis et al. 2013) . Because the two continents differ in climate and soil conditions, differences in liana above-ground biomass patterns observed between the two biogeographic areas may also correlate with these variables. The differences may also relate to differences in disturbance type and intensity that occur between the two regions.
Functional traits of lianas in Ghanaian and Malaysian forests
In each biogeographic region, nine climbing mechanisms were employed by liana species to climb their hosts (Tables 7 and 8 ; Supplementary Appendices 1 and 2). Most climbing mechanisms were common to both biogeographic areas. Only leaning climbing was restricted to Ghanaian forests, and branch tendril climbing to Malaysian forests. Stem twining constituted the most species-rich and abundant climbing mechanism in Ghana (Table 7; 44.4 and 61.2%, respectively) and Malaysia (Table 8; 44 and 59%, respectively) . Other studies also highlight stem twining as the predominant climbing mechanism in terms of both liana species richness and abundance in tropical forests (Addo-Fordjour and Rahmad 2015c; Addo-Fordjour et al. 2012; Senbeta et al. 2005; Vivek and Parthasarathy 2015) . Branch twining was the second most dominant climbing mechanism in the two regions. Hook climbers were also represented by high species richness and number of individuals in both countries. In spite of similarities between the liana climbing mechanisms, stem tendril climbers had high species richness and abundance in Ghana, but not in Malaysia (Tables 7 and 8 ). Furthermore, thorn climbers were abundant in Ghanaian forests but rare in Malaysian forests. In both countries, more liana species were adapted for animal dispersal than by other mechanisms ( Supplementary  Appendices 1 and 2) . This is consistent with previous tropical forest research which report animal dispersal as more prevalent among liana species than other agents of dispersal (Addo-Fordjour and Rahmad 2015c; Anbarashan and Parthasarathy 2013; Muthumperumal and Parthasarathy 2010; Vivek and Parthasarathy, 2015) . However, the two countries differed with respect to abundance (i.e. individualbased) of dispersal modes in the forests. Wind-dispersed lianas had the highest proportion of abundance in Ghana (47.6%), while animal-dispersed lianas recorded the highest percentage abundance in Malaysia (79.5%) (Fig. 6) . The proportion of animal-dispersed liana abundance in Malaysia was more than twice that in Ghana. On the contrary, the relative abundance of wind dispersed lianas in Ghana was more than twice that in Malaysia. Moreover, the proportion of liana individuals that use explosive dispersal mode in Ghana was about four times that in Malaysia. In general, liana abundance differed significantly among the various dispersal modes in the two biogeographic areas. In Ghanaian forests, wind dispersal mode was significantly more abundant than animal mechanism (P = 0.004), which in turn, was significantly more abundant than explosive mechanism (P = 0.000). Furthermore, wind dispersal mode was significantly more abundant than explosive mode (P = 0.000). In Malaysia, animal-dispersed lianas were significantly more abundant than either wind or explosive dispersed lianas (wind dispersal: P = 0.000; explosive dispersal: P = 0.000), and wind dispersed lianas were significantly more abundant than explosive dispersed lianas (P = 0.000). Thus, while wind-dispersed lianas were most abundant in Ghana, animal-dispersed lianas were most abundant in Malaysia. Earlier Asian research also revealed that animal-dispersed liana species predominated in terms of both species richness and abundance in Asian tropical forests (Anbarashan and Parthasarathy, 2013; Muthumperumal and Parthasarathy 2010; Vivek and Parthasarathy 2015) . Similarly, an earlier study conducted in Ghana reported that even though most liana species were dispersed by animals, the majority of liana individuals were wind-dispersed (AddoFordjour and Rahmad 2015c). Thus, it appears that liana communities in Asia are dominated by animal-dispersed individuals (in terms of abundance), whereas liana communities in Africa are dominated by wind-dispersed individuals. This difference is partly related to variation in liana taxonomic composition between the two biogeographic areas. Generally, lianas in Asia are dominated by species of Annonaceae, which are largely dispersed by animals, while lianas in Africa are dominated by Apocynaceae and Fabaceae, largely dispersed by wind. Tropical forests of Malaysia tend to exhibit mast-fruit production (Ashton et al. 1988; Sakai et al. 2006) , a strategy which has been explained as an adaption to increase animal dispersal of fruits/seeds and satiate predators (Jansen et al. 2004; Visser et al. 2011) , and also enhance animal abundance (Schnurr et al. 2002) . This phenomenon suggests that the presence of high number of animal-dispersed lianas in the studied Malaysian forests may be due to coevolution of mast fruiting of lianas and high abundance of animals in the forests. One notable difference in liana dispersal modes between the two biogeographic areas is the presence of water dispersal mode (found in Entada pursaetha, Fabaceae) in Ghana, which was not observed in Malaysia. Even though the Malaysian forests sampled are located on an island, the liana community patterns revealed compare favorably with studies conducted in mainland forests of Malaysia (see Addo-Fordjour et al. 2013b; unpublished data) . Therefore, the patterns observed in the island appear to adequately represent those in mainland forests of Malaysia. We therefore propose that the location of the Malaysian forests on the island did not have a considerable influence on the differences in liana community structure observed between the two countries.
cONcLUSION
Our results show that Ghanaian forests supported significantly higher liana diversity, abundance and basal area than Malaysian forests. Liana composition differed dramatically between the two regions, with a completely distinct species composition in each region. Although above-ground biomass was similar between combined forests of the two countries, variations occurred at forest-type level between the two regions. Climbing mechanism and dispersal mode composition, species richness and abundance were generally comparable between Malaysian and Ghanaian forests even though variation in relative importance of the traits occurred between the two biogeographic areas. Differences in historical, evolutionary, edaphic and climatic factors between the two biogeographic regions may explain the striking differences in liana community assemblages that were observed between the two biogeographic areas.
This study uses data collected from a few forests in Ghana and Malaysia, however the patterns observed in the two countries reflect patterns that have been recorded in other areas of each country. Thus, our observations in each country may reflect patterns at a larger scale. We recommend that future research comparing liana assemblages between the two countries focus on additional forest sites and types in each country. Where possible, future research should include forests in other countries to record the range of variation in liana community assemblages between Africa and Asia. 
SUPPLEMENTARY MATERIAL
